
USA CRRELUSA CRREL
Ice Engineering Ice Engineering 

Research DivisionResearch Division

Cold Regions EngineeringCold Regions Engineering
Hydrology and HydraulicsHydrology and Hydraulics



CRRELCRRELCRREL

Cold Problem Solvers for the NationColdCold Problem Solvers for the NationProblem Solvers for the Nation



Cold Regions EngineeringCold Regions Engineering

•• Addresses Winter Impacts on Corps Addresses Winter Impacts on Corps 
MissionsMissions

•• Multidisciplinary ProgramsMultidisciplinary Programs
–– NavigationNavigation
–– Flood ControlFlood Control
–– Water ResourcesWater Resources
–– Sediment Control/ScourSediment Control/Scour
–– EnvironmentalEnvironmental



Navigation ProblemsNavigation Problems

Soo Soo LockLock

Starved RockStarved Rock



Dresden IslandDresden Island

Winter Dam OperationsWinter Dam Operations



Winter Hydrology:Winter Hydrology:
Distributed Snowmelt ModelDistributed Snowmelt Model

•• Distributed snow melt for each grid Distributed snow melt for each grid 
elementelement

•• SubSub--basin snow melt basin snow melt 
•• Snowmelt runSnowmelt run--off off hydrographs hydrographs 
•• Flood predictionFlood prediction



CRREL Distributed Snowmelt ModelCRREL Distributed Snowmelt Model

Surface Energy Surface Energy 
Balance MapBalance Map

MeteorologyMeteorology
INPUTSINPUTS OUTPUTSOUTPUTS

TemperatureTemperature

PrecipitationPrecipitation

As available:As available:

WindspeedWindspeed
Relative HumidityRelative Humidity
Cloud CoverCloud Cover
Radiation DataRadiation Data

Time Series DataTime Series Data
Distributed Snow MeltDistributed Snow Melt

Lumped Basin Snow MeltLumped Basin Snow Melt



Ice JamsIce Jams



Ice JamsIce Jams

•• Cause floodingCause flooding
•• Suspend navigation Suspend navigation 
•• Damage riverine structuresDamage riverine structures
•• Promote bed and bank erosionPromote bed and bank erosion
•• Remove or damage bank vegetationRemove or damage bank vegetation
•• Flood upland wetlandsFlood upland wetlands
•• May be important for maintaining May be important for maintaining 

nearnear--stream habitatstream habitat







Ice Jam DatabaseIce Jam Database

•• Geographic Data: state, river, nearest Geographic Data: state, river, nearest 
town, latitude & longitude, HUC, town, latitude & longitude, HUC, 
gaging gaging stationstation

•• Other Data: date of event, flow, Other Data: date of event, flow, 
stage, likely causes, damages, stage, likely causes, damages, 
mitigation measures, mitigation measures, POC’sPOC’s, etc., etc.

•• Searchable on the Web: new Searchable on the Web: new 
interfaceinterface

•• To be linked with To be linked with GIS GIS mappingmapping





Ice Jam DatabaseIce Jam Database

•• Emergency Emergency 
responseresponse

•• Ice jam Ice jam 
characterizationcharacterization

•• Reconnaissance Reconnaissance 
studiesstudies

•• R & UR & U



CapabilitiesCapabilities
•• Ice jam responseIce jam response

–– technical assistancetechnical assistance
–– ice monitoringice monitoring

•• StageStage--frequency for ice affected riversfrequency for ice affected rivers
•• Numerical modelingNumerical modeling

–– determine flood inundation boundariesdetermine flood inundation boundaries
–– design ice control measuresdesign ice control measures

•• Ice controlIce control
–– structuralstructural
–– nonstructuralnonstructural



Ice Jam MitigationIce Jam Mitigation
•• Advance MeasuresAdvance Measures
•• Emergency MeasuresEmergency Measures
•• Permanent MeasuresPermanent Measures
•• Freezeup Jam ControlFreezeup Jam Control

–– Control production & transport of frazil iceControl production & transport of frazil ice
–– Displace jam initiation locationDisplace jam initiation location

•• Breakup Jam ControlBreakup Jam Control
–– Control timing of ice breakupControl timing of ice breakup
–– Displace jam locationDisplace jam location



Advance MeasuresAdvance Measures





Advance MeasuresAdvance Measures



Emergency MeasuresEmergency Measures



Permanent MeasuresPermanent Measures

•• Ice control structures (ICS’s)Ice control structures (ICS’s)
•• Diversion channelsDiversion channels
•• Flow controlFlow control
•• Thermal dischargeThermal discharge
•• Levees, floodwallsLevees, floodwalls
•• FloodproofingFloodproofing
•• Land managementLand management





Original ~ $3M New < $1M

Cazenovia Creek ICSCazenovia Creek ICS



Salmon River Ice BoomSalmon River Ice Boom



IceIce--Affected Stage FrequencyAffected Stage Frequency



Modeling Ice-covered RiversModeling IceModeling Ice--covered Riverscovered Rivers
•• Steady Flow Steady Flow 

–– HECHEC--2 with ICETHK2 with ICETHK
–– HECHEC--RASRAS

•• Unsteady Flow Unsteady Flow 
–– UNETUNET
–– Discrete Element or Discrete Element or 

Discrete Parcel ModelsDiscrete Parcel Models
•• 2 Dimensional Flow2 Dimensional Flow

–– Currently in development Currently in development 



HECHEC--RAS Ice SubroutineRAS Ice Subroutine

•• Developed by CRREL and HECDeveloped by CRREL and HEC
•• Backwater for iceBackwater for ice--covered riverscovered rivers

–– Known ice thickness, orKnown ice thickness, or
–– Equilibrium ice jamEquilibrium ice jam

•• Models ice at bridgesModels ice at bridges
•• User inputs ice properties or selects User inputs ice properties or selects 

default valuesdefault values
•• All HECAll HEC--RAS graphical features RAS graphical features 

availableavailable





HEC-RAS with ice: HighlightsHECHEC--RAS with ice: HighlightsRAS with ice: Highlights
•• View results View results 

graphically graphically 
•• XX--YY--Z Perspective Z Perspective 

PlotPlot



UNET Ice SubroutineUNET Ice Subroutine

•• Time dependent modeling ofTime dependent modeling of
–– Water temperatureWater temperature
–– Surface ice transportSurface ice transport
–– Frazil Frazil ice transportice transport
–– Extent of stationary ice coverExtent of stationary ice cover

•• Full interaction between ice cover and flowFull interaction between ice cover and flow
•• Model update based on observationsModel update based on observations
•• All data can be written to DSS databaseAll data can be written to DSS database



UNETUNETHECHEC--2 with ICETHK2 with ICETHK

Numerical ModelingNumerical Modeling



Discrete Element SimulationDiscrete Element Simulation
of Ice Transportof Ice Transport

•• Simulation tracks 2000 to 5000 ice pieces Simulation tracks 2000 to 5000 ice pieces 
•• 22--D iceD ice--block interaction simulationblock interaction simulation
•• 11--D hydraulic model with seepage D hydraulic model with seepage 

through ice massthrough ice mass
•• Output: ice thickness, stage, flow Output: ice thickness, stage, flow 

velocity, forces on banks or structuresvelocity, forces on banks or structures



DynaRICEDynaRICE© Ice Dynamic Model© Ice Dynamic Model
•• Developed through university contract Developed through university contract 
•• Unsteady, 2Unsteady, 2--D, finite element, hydrodynamics D, finite element, hydrodynamics 

coupled with ice parcel dynamics to simulatecoupled with ice parcel dynamics to simulate
–– River ice transport  River ice transport  

•• spatial distribution of ice and velocity of ice parcelsspatial distribution of ice and velocity of ice parcels
–– Ice jam initiation and development Ice jam initiation and development 

•• ice concentration and thicknessice concentration and thickness

•• Model ApplicationsModel Applications::
–– Analyze iceAnalyze ice--structure interactionstructure interaction

•• bridges, dams, lock approaches, ice control structures, etc.  bridges, dams, lock approaches, ice control structures, etc.  
–– Estimate effect of channel changes on ice processesEstimate effect of channel changes on ice processes

•• dredging, bank  protection, dredging, bank  protection, bendway bendway weirs etc.weirs etc.



DynaRICEDynaRICE Simulation of 20 Dec. 1989 Jam Simulation of 20 Dec. 1989 Jam 
MississippiMississippi--Missouri ConfluenceMissouri Confluence



Ice Jam PredictionIce Jam Prediction

•• Models under development:Models under development:
–– Empirical threshold modelsEmpirical threshold models
–– Multiple linear regressionMultiple linear regression
–– Logistic regressionLogistic regression
–– Discriminant function analysisDiscriminant function analysis
–– Canonical Canonical discriminantdiscriminant or cluster or cluster 

analysisanalysis
–– Deterministic (analytical) modelDeterministic (analytical) model



Ice Jam PredictionIce Jam Prediction

•• Combined empirical and Combined empirical and discriminant discriminant 
function analysis for Oil City, PA function analysis for Oil City, PA 
(Pittsburgh District)(Pittsburgh District)

•• Provides risk associated with Provides risk associated with 
incorrect predictionincorrect prediction

•• WebWeb--based with passwordbased with password
•• Used to predict jamsUsed to predict jams
•• Can be used to determine project Can be used to determine project 

benefitsbenefits




